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© Removing H2S from a sour gaseous stream. 

©in a contacting zone (2) a sour gaseous stream - 
(1) is contacted at a temperature below the melting 
point of sulphur with an aqueous reactant solution - 
(12), which reactant solution contains an ammonium 
^form of a coordination complex of Fe(lll) with 
nitrikrtriacetic acid, an ammonium form of a cc- 
g ordination complex of Fe(ll) with nitrilotriacetic acid 
Jgand aqueous ammonia, and which reactant solution 
has a pH of between about 5 and about 8.5, under 
conditions to convert H,S, and producing a gaseous 
^stream having reduced H£ content and an aqueous 
mixture containing solid sulphur and additional an> 
»monium form of the coordination complex of Fe(ll) 
CL with nitrilotriacetic acid in solution, wherein the molar 
IU ratio of the ammonium form of the coordination 
complex of Fe(lll) with nitrilotriacetic acid to the 
ammonium form of the coordination complex of Fe- 
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(») with nitrilotriacetic acid in the reactant solution is 
between about 0J2 and about 6, and wherein the 
aqueous reactant solution optionally comprises 0.01 
mol to 4 mol thiosulphate ion per mol of iron. 
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REMOVING H,S FROM A SOUR GASEOUS STREAM 



The presence of significant quantities of H£ in 
various "sour" industrial gaseous streams poses a 
persistent problem. Although various procedures 
have been developed to remove and recover this 
contaminant, most such processes are deficient, for s 
a variety of reasons. 

In one cyclic method currently attracting atten- 
tion, the sour gas is contacted with an aqueous 
polyvalent metal chelate or complex reactant sys- 
tem to produce solid sulphur which is recovered 10 
either prior to or subsequent to regeneration of the 
reactant. Preferred reactants are iron (III) complex- 
es in which the iron (III) forms complexes with 
specified organic acids and derivatives thereof. 

One of the disadvantages of such systems 75 
heretofore has been the inability to maintain suffi- 
ciently high concentrations of the chelate or com- 
plex to achieve efficient operation. Without suffi- 
ciently high levels of the complex, these processes 
are limited in their ability to handle streams con- 20 
taming significant quantities of H,S. Again, the cir- 
culation of large volumes of dilute solutions to 
handle even moderate levels of H*S involves sig- 
nificant capital and energy costs, especially in high 
pressure applications. The invention addresses 2s 
these problems, and provides a novel composition 
and process for the resolution thereof. 

To this end the process for the removal of H,S 
from a sour gaseous stream according to the in- 
vention comprising contacting the sour gaseous 30 
stream in a contacting zone at a temperature below 
the melting point of sulphur with an aqueous reac- 
tant solution, which reactant solution contains an 
ammonium form of a coordination complex of Fe- 
(III) with nitrilotriacetic acid, an ammonium form of . 55 
a coordination complex of Fe(ll) with nitrilotriacetic 
acid, and aqueous ammonia, and which reactant 
solution has a pH of between about 5 and about 
8.5, under conditions to convert H,S, and producing 
a gaseous stream having reduced H»S content and ao 
an aqueous mixture containing solid sulphur and 
additional ammonium form of the coordination 
complex of Fe(II) with nitrilotriacetic acid in solu- 
tion, wherein the molar ratio of the ammonium form 
of the coordination complex of Fe(lll) with 45 
nitrilotriacetic acid to the ammonium form of the 
coordination complex of Fe(ll) with nitrilotriacetic 
acid in the reactant solution is between about 0.2 
and about 6. 

In a suitable embodiment the process accord- 50 
ing to the invention further comprises regenerating 
the aqueous mixture by contacting the aqueous 
mixture with oxygen under conditions to convert 
the ammonium form of the coordination complex of 
Fe(ll) with nitrilotriacetic acid to the ammonium 



form of the coordination complex of Fe(III) with 
nitrilotriacetic acid, and producing a regenerated 
aqueous reactant solution having a molar ratio of 
the ammonium form of the coordination complex of 
Fe(III) with nrtrilotriacetic acid to the ammonium 
form of the coordination complex of Fe(ll) with 
nitrilotriacetic acid of between about 0.5 and about 
6. The regenerated aqueous reactant solution may 
be passed to the contacting zone for use as aque- 
ous reactant solution therein, and prior to passing 
regenerated aqueous reactant solution to the con- 
tacting zone sulphur may be removed from at least 
a portion of the regenerated aqueous reactant solu- 
tion removed from the regeneration zone. 

In a further suitable embodiment the process 
according to the invention further comprises re- 
moving aqueous mixture from the contacting zone 
and removing sulphur from at least a portion of the 
mixture, regenerating aqueous mixture by contact- 
ing said aqueous mixture with oxygen under con- 
ditions to convert the ammonium form of the co- 
ordination complex of Fe(ll) with nitrilotriacetic acid 
to the ammonium form of the coordination complex 
of Fe(lll) with nitrilotriacetic acid, and producing 
regenerated aqueous reactant solution having a 
molar ratio of the ammonium form of the coordina- 
tion complex of Fe(lll)-with nitrilotriacetic acid to 
the ammonium form of the coordination complex of 
Fe(ll) with nitrilo triacetic acid of between about 0.5 
and about 6, and passing regenerated aqueous 
reactant solution to the contacting zone for use as 
aqueous reactant solution therein. 

Ammonium hydroxide may be added to main- 
tain pH in the contacting zone in a range of from 5 
to 8.5. Furthermore the total iron content of the 
reactant solution in the coordination complexes, 
may be between about 0.5 percent and about 7 
percent by weight, based on the weight of the 
reactant solution and the iron. 

To prevent degradation or decompositions of 
the polyvalent metal complexes the aqueous reac- 
tant solution further contains 0.01 mol to 4 mol 
thiosulphate ion per mol of iron. 

In addition the invention also relates to a reac- 
tant solution suitable for converting H,S comprising 
an aqueous solution comprising an ammonium 
form of a coordination complex of Fe(lll) with 
nitrilotriacetic acid, an ammonium form of a co- 
ordination complex of Fe(ll) with nitrilotriacetic acid 
and aqueous ammonia, wherein the molar ratio of 
the ammonium form of the coordination complex of 
Fe(III) with nitrilotriacetic acid to the ammonium 



3 



0 215 505 



4 



form of the coordination complex of Fe(ll) with 
nrtrikrtri acetic acid is between about 02 and about 
8, and wherein the pH of the solution is between 
about 5 and about 8.5. 

The total iron content of the reactant solution 
may be between about 0.5 percent and about 7 
percent by weight, based on the weight of the iron 
and the solution. 

To prevent degradation or decompositions of 
the polyvalent metal complexes the aqueous reac- 
tant solution further contains 0.01 mol to 4 mol 
thiosulphate ion per mol of iron. 

In the specification NTA will refer to 
nrtrikrtriacetic acid. 

In a solution that has been used in the removal 
of H,S from a gaseous stream, the total concentra- 
tion of iron is not revealed by the sum of the 
concentrations of the ammonium form of the co- 
ordination complex of Feflll) with NTA and the 
ammonium form of the coordination complex of Fe- 
(II) with NTA, since other iron complex or com- 
plexes are present It has been determined, for 
example, that some degradation products of the 
complexes employed (and degradation products 
thereof) are soluble complexes of iron. Again, there 
is evidence, for example, that the ammonium form 
of the coordination complex of Fe(ll!) with NTA 
may be present as a dimer. 

As used herein, the term "an ammonium form 
of a coordination complex of Fe(ll) with NTA" re- 
fers to those solubiKzed species, which, upon pre- 
i captation, are believed to have the formula [NHJ [- 
(NTA)Fe(ll)(H,0)»]. Because of the complexity of 
the system, however, and the difficulty of analysis 
of the components, the term may also be consid- 
ered as simply defining the species in the solution 
in which an ammonium ion and a coordination 
complex of Fefll) with NTA are chemically asso- 
ciated or related, whatever the precise nature or 
character of the relationship or bonding. The term 
"an ammonium form of a coordination complex of 
Feflll) with NTA" refers, correspondingly, to the Fe- 
(III) species in the solution. The maximum solubility 
Hmrt of an ammonium form of a coordination com- 
plex of Fe(ll) with NTA is about 0.5 M in unused 
solution. 

As noted, the solutions employed will contain 
aqueous ammonia. As used herein, the term 
"aqueous ammonia" is understood to include dis- 
solved ammonia, ammonium hydroxide, and am- 
monium ion, as understood from Advanced Inor- 
ganic Chemistry, 3rd edition; FA Cotton and G. 
Wilkinson, especially page 349. The aqueous am- 
monia is present in addition to the ammonium ion 
associated with or combined with the coordination 
complex of Feflll) with NTA and the coordination 
complex of Fe(ll) with NTA. The quantity will vary, 
but will be at least about 0.1 percent, on a molar 



basis, with respect to the total quantity of. the 
ammonium forms of the coordination complexes of 
Fe(lll) and Fe(ll) with NTA used. Preferably, the 
aqueous- ammonia will be present from, for exam- 
5 pie, 0.1 percent, to 200 or 300 percent or more, on 
a molar basis, with respect to the quantity of the 
ammonium forms of the coordination complexes of 
Fe(lll) and Fe(ll) with NTA present. In practice, this 
quantity may be achieved by adjusting the pH of 
10 the solution with ammonium hydroxide or carbon- 
ate to the levels described herein after. Ammonium 
compounds having salt forming anions, with the 
carbonate exception, are not desirable. 

The presence of significant concentrations of 
75 sodium or potassium ions is not desired in the 
solution of the invention. The sodium and potas- 
sium salts of the coordination complex of Fefll) with 
NTA have been determined to have undesirably 
low solubilities, so that they are unsuitable for high 
20 concentration operations. By avoiding these materi- 
als, the invention provides efficiencies not attain- 
able with prior art processes. For example, since 
concentrations of the complexes of the invention 
are higher, streams having greater concentrations 
25 of H»S may be treated, at similar throughput. 
Pumping costs are reduced, and vessel sizes, oth- 
er factors being equal, may be reduced. As noted, 
some sodium or potassium ions are tolerable, pro- 
vided that they are not present in sufficient amount 
ao to exceed the solubility of sodium or potassium 
coordination complex of Fefll) with NTA. In this 
regard, minor quantities of sodium or potassium 
containing addftrves or buffers may be present. 
For this reason, pH adjustment in the process 
06 of the invention is accomplished by the use of 
ammonium hydroxide or carbonate. Prior art prac- 
tice of utilization of sodium hydroxide, potassium 
hydroxide, or sodium or potassium carbonates, is 
generally unsuited to the invention. The pH in the 
40 contacting zone will preferably be maintained in a 
range of from about 5 to 8.5, preferably 6.5 to 8.5, 
and in the regenerator, from about 7 to 8.5. 

It has been found that minor amounts of 
thiosulphate ion, preferably supplied as ammonium 
46 thiosulphate, are useful in inhibiting degradation of 
the ammonium form of coordination complexes of 
iron with NTA. The combination of components, 
parameters and steps disclosed herein provides a 
process in which degradation rates of coordination 
so complexes may be lowered to a degree believed 
previously unattainable. The thiosulphate may be 
supplied as the alkali metal salt, e.g., lithium, so- 
dium or potassium, provided the solubility consid- 
erations noted in regard to the ammonium form of 
56 the coordination complex of Fefll) with NTA are 
taken into account. The thiosulphate ion is supplied 
in an amount sufficient to inhibit degradation. Gen- 
erally, the thiosulphate ion may be supplied in a 
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concentration of about 0.2 to £.5 mol/l, preferably 
about 0.1 to 0.95 mol/l. The ion should be supplied 
in a ratio of about 0.01 to 4 mol, preferably 0.1 to 
0.95 mol, of thiosulphate ion per mol of iron 
present, based on the total concentration of the 
ammonium forms of the coordination complexes of 
iron and NTA. 

As noted, the regeneration of the reactant is 
accomplished by the utilization of oxygen, prefer- 
ably as air. The oxygen will accomplish two func- 
tions, the oxidation of Fe(ll) of the reactant to the 
Fe(lll), and the stripping of any dissolved gas from 
the mixture. The oxygen (in whatever form sup- 
plied) is supplied in a stoichiometric equivalent or 
excess with respect to the amount of the ammo- 
nium form of the coordination complex of Fe(ll) 
with NTA present in the mixture. Preferably, the 
oxygen is supplied in an amount of from about 20 
percent to about 300 percent excess. 

As used herein, the term "oxygen" is not limit- 
ed to "pure" oxygen, but includes air. air-enriched 
with oxygen, or other oxygen-containing gases. 

The particular type of sour gaseous stream 
treated is not critical, the only practical limitation 
being the reactivity of the stream itself with the 
solution employed, as will be evident to those 
skilled in the art Streams particularly suited to 
removal of H£ by the practice of the invention are, 
as indicated, naturally-occurring gases, recycled. 
CO, used in enhanced oil recovery, synthesis gas- 
es, process gases, and fuel gases produced by 
gasification procedures, e.g., gases produced by 
the gasification of coal, petroleum, shale, tar sands, 
etc. Particularly preferred are coal gasification 
streams, natural gas streams, produced and re- 
cycled CO, streams, and refinery feedstocks com- 
posed of gaseous hydrocarbon streams, especially 
those streams of this type having a low ratio of H,S 
to CO,, and other gaseous hydrocarbon streams. 
The term "hydrocarbon stream(s)", as employed 
herein, is intended to include streams containing 
significant quantities of hydrocarbon (both paraffinlc 
and aromatic), It- being recognized that such 
streams contain significant "impurities" not techni- 
cally defined as a hydrocarbon. Again, streams 
containing principally a single hydrocarbon, e.g M 
ethane, are eminently suited to the practice of the 
invention. Streams derived from the gasification 
and/or partial oxidation of gaseous or liquid hy- 
drocarbon may be treated by the invention. The 
H,S content of the type of streams contemplated 
will vary extensively, but in general, will range 
from about 0.005 percent to about 10 percent by 
volume. CO, content will also vary, but may range 
from about 0.1 percent to about 99.0 percent (or 
more) by volume. In this context, the invention may 
be used to remove H,S from various CO, streams, 
e.g., supercritical CO, streams. 



The temperatures employed in the contacting 
or absorption-contact zone are not generally criti- 
cal, except that the reaction is carried out below 
the melting point of sulphur. In many commercial 
5 applications, such as removal of H,S from natural- 
gas to meet pipeline specifications, absorption at 
ambient temperatures is desired, since the cost of 
refrigeration would exceed the benefits obtained 
due to increased absorption at the lower tempera- 
70 ture. In general, temperatures of from 10 °C to 80 
•C are suitable, and temperatures of from 20 °C to 
60 °C are preferred. Total contact times will range 
from about 1 second to about 120 seconds, with 
contact times of 2 seconds to 60 seconds being 
is preferred. 

Similarly, in the regeneration or stripping zone 
or zones, temperatures may be varied widely. Pref- 
erably, the regeneration zone should be maintained 
at substantially the same temperature, or somewhat 
20 lower, as the contacting zone. In general, tempera- 
tures of from about 10 P C to 80 °C, preferably 20 
°C to 50 °C may be employed. 

Pressure conditions in the contacting zone may 
vary widely, depending on the pressure of the gas 
25 to be treated. For example, pressures in the con- 
tacting zone may vary from 0.1 MPa up to 15 MPa 
or even 20 MPa. Pressures of from 0.1 MPa to 
about 10 MPa are preferred. In the regeneration 
zone, pressures may also be varied considerably, 
30 and will preferably range from about 0.1 MPa to 
about 0.3 or 0.4 MPa. Residence times for given 
volumes of admixture and oxygen will range from 
10 minutes to 60 minutes, preferably from 20 min- 
utes to 40 minutes. The pressure, fluid flow, and 
35 temperature relationships involved are well under- 
stood by those skilled in the art, and need not be 
detailed herein. Other conditions of operation for 
this type of reaction process are further described 
in US Patent No. 3,068,065 to Hartley et al, dated 
40 December 11, 1962. Preferably, the molar ratio of 
the nltrikrtriacetic acid to total iron is from about 1.0 
to 1.5. The process is preferably conducted con- 
tinuously. 

As indicated, the H,S, when contacted, is rap- 
45 idly converted in the process of the invention by 
the ammonium form of the coordination complex of 
Fe(lll) with NTA to solid elemental sulphur. The 
amount of the ammonium form of the coordination 
complex of Fe(lll) with NTA supplied or employed 
so in solution is an amount sufficient to reduce the 
H,S concentration or content of the stream to the 
desired level. If total or substantially total removal 
is desired, the total amount supplied will generally 
be on the order of at least about two mol per mol 
55 of H,S. Ratios of from about 2 mol to about 15 mol 
of the ammonium form of the coordination complex 
of Fe(lll) with NTA per mol of H,S may be used, 
with ratios from about 2 mol per mol to about 5 mol 
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of the ammonium form of the coordination complex 
of Feflll) with NTA per mol of H,S being preferred. 
As noted, the ratio of the ammonium form of the 
coordination complex of Fe(HI) with NTA to the 
ammonium form of the coordination complex of Fe- 
(II) with NTA present in solution will normally be 
less than about 6, and will normally range from 
about 02. to about 6, preferably about 0.5 to about 

The manner of preparing the solutions of the 
invention is, to some extent a matter of choice. For 
example, the solutions employed in the process of 
the invention may be prepared by reaction of ele- 
mental iron with nitrilotriacetic acid, as described in 
the US patent 3,115,511, followed by air oxidation, 
pH adjustment with ammonium hydroxide, and ap- 
propriate water dilution to achieve the desired con- 
centration. Alternately, nitrilotriacetic acid, Fe(ll) 
carbonate, ammonium hydroxide and oxygen (air) 
may be reacted to prepare the solution. The novel 
compositions of the invention may be produced, for 
example, by separate reduction of one of The above 
mentioned solutions until the appropriate levels of 
the ammonium form of the coordination complex of 
Fe(ll) with NTA are formed, or the solutions men- 
tioned above may simply be employed in the pro- 
cess of the invention until the appropriate ratios of 
Fe(lll) to Fe(ll) coordination complexes are 
reached. 

To the solutions produced as described in the 
above paragraph an appropriate thiosutphate, e.g. 
ammonium thiosulphate, may be added. 

The invention will now be described in more 
detail by way of example with reference to the 
accompanying drawings, wherein 

Figure 1 shows schematically the embodi- 
ment of the invention wherein sulphur removal is 
accomplished in a separate step prior to regenera- 
tion; and 

Figure 2 shows schematically the case 
where sulphur is removed in a separate step after 
regeneration. 

All values are calculated or merely exemplary, 
and all flows, unless stated otherwise, are continu- 
ous. 

Sour gas, e.g., natural gas containing, about 0.5 
percent H,S, in line 1 enters a contacting zone in 
the form of contactor or absorber 2 into which also 
enters an aqueous mixture comprising an aqueous 
solution of 0.8 mol/! of an ammonium form of a 
coordination complex of Fe(lll) with NTA. which 
mixture also contains 0.2 mol of an ammonium 
form of a coordination complex of Fe(ll) with NTA 
through line 12. The solution is produced by utiliza- 
tion of the reducing effect of the H,S in the gas- 
eous stream. That is, the initial solution in the 
contactor 2 is an aqueous solution of 1 mol/l of the 
ammonium form of the coordination complex of Fe- 



(III) with NTA with a total concentration of ammo- 
nium ion and aqueous ammonia of 3 mol/l. After 
startup, and reaction with the H,S in the gaseous 
stream, regeneration, described hereinafter, is con- 
5 trolled so that regeneration of the ammonium form 
of the coordination complex of Fe(lll) with NTA is 
not complete. Absorber or contactor 2 may be of 
any suitable type, such as a packed column or tray 
column, but is preferably a combination venturi- 
70 spray column system. Depending on the size of 
the gas. stream, the H,S content, etc., more than 
one contacting zone may be employed, preferably 
in series. In any event, in the unit illustrated, the 
pressure of the feed gas is about 8.5 MPa (gauge), 
75 and the temperature of the aqueous mixture is 
about 45 A contact time of about 120 seconds 
is employed in order to react all the H»S. Purified 
or "sweet" gas leaves absorber 2 through line 3. 
The "sweet" gas is of a purity sufficient to meet 
20 standard requirements. In the mixture the is 
converted to solid elemental sulphur by the ammo- 
nium form of the coordination complex of Fe(lll) 
with NTA and the ammonium form of the coordina- 
tion complex of Fe(lll) with NTA is converted to the 
25 ammonium form of the coordination complex of Fe- 
(II) with NTA. The aqueous mixture produced, con- 
taining elemental sulphur and additional ammonium 
form of the coordination complex of Fe(H) with 
NTA, is removed continuously, and sent through 
30 fine 4 to a depressurizatkxi and degassing unit 5, 
which also serves as a sulphur concentration or 
thickening zone. Gas desorbed from the aqueous 
mixture is removed from unit 5 via line 16. A minor 
portion, e.g„ 5 to 10 percent by volume of the 
35 mixture in the depressurizatkxi, and degassing unit 
5, and containing an increased sulphur concentra- 
tion, is continuously withdrawn from the lower por- 
tion of the depressurization and degassing unit 5 
and sent via line 6 to sulphur recovery unit 13. 
40 from which sulphur is removed via line 14. 

Sulphur recovery may be accomplished in any 
suitable fashion, such as by filtration. Solution re- 
covered during sulphur recovery may be returned 
to any suitable point in the process, if proper 
45 adjustment is made, but is preferably sent, as 
shown, via line 15 to a regeneration zone 8. The 
major portion of the aqueous mixture in the depres- 
surization and degassing unit 5, having a reduced 
sulphur content is removed via line 7 for regenera- 
50 tion. In regeneration zone or column 8, the mixture 
is contacted with excess air from line 9 to convert 
the ammonium form of the coordination complex of 
Fe(II) with NTA to the ammonium form of the 
coordination of Feflll) with NTA. 
55 Regeneration zone 8 comprises a sparged 
tower regenerator with cocurrent upflow of oxygen - 
(as air), supplied via line 9, and aqueous mixture. 
Air velocity in the regenerator is in the range of 
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from 0.03 to 0.1 m/s. The temperature in the col- 
umn is about 45 °C, and overall pressure is about 
0.2. MPa. Spent air is removed via line 11, and 
regenerated mixture, having a ratio of the ammo- 
nium form of the coordination complex of Fe(lll) 5 
with NTA to the ammonium form of the coordina- 
tion complex of Fe(ll) with NTA of iabout 4 is 
returned via line 12 to contacting zone 2. 

If required make-up reactant solution can be 
supplied via line 17. to 

In an alternative process for removing HaS from 
a sour gaseous stream, the above described aque- 
ous reactant solution further contains 0.3 mol/l of 
ammonium thiosulphate. The process is carried out 
under the same conditions as described 15 
hereinabove with reference to Rgure 1 . 

Reference is now made to Rgure 2. Sour gas 
e.g., natural gas containing about 0.5 percent H,S, . 
and 32 percent by volume CO*, in line 31 enters 
contacting zone 32 (sparged column type) and 20 
contacts an aqueous solution of 0.8 mol/l of an 
ammonium form of a coordination complex of Fe- 
(III) with NTA, also containing 0.2 mol/l of an am- 
monium form of an coordination complex of Fe(H) 

with NTA, the total concentration of ammonium ion 25 

and aqueous ammonia being 3 mol/l supplied via 
line 42. The pressure of the feed gas is about 8.5 
MPa (gauge) and the temperature of the aqueous 
mixture is about 45 °C. A contact time of about 45 
seconds is employed in order to react all the H,S. 30 
Purified or "sweet" gas leaves the contacting zone 
32 through line 33. The "sweet" gas is of a purity 
sufficient to meet standard requirements. In the 
aqueous mixture, the H»S is converted to elemental 
sulphur by the ammonium form of the coordination 35 
complex of Fe(lll) with NTA. The aqueous mixture, 
containing elemental sulphur, a slight amount of 
absorbed CO,, and about 0.5 mol/l of the ammo- 
nium form of the coordination complex of Fe(ll) 
with NTA, is removed continuously and sent 40 
through line 34 to degassing unit 35. As shown, 
any dissolved gases are removed in degassing unit 
35 by reduction of pressure via line 47, and the 
mixture forwarded via line 36 to regeneration zone 
37. 45 

In regeneration zone 37, mixture is treated in a 
similar fashion to that described with reference to 
Rgure 1 . The ammonium form of the coordination 
complex of Fe(ll) with NTA is converted by oxygen 
supplied via line 38 to the ammonium form of the so 
coordination complex of Fe(lll) with NTA, while 
maintaining sufficient of the ammonium form of the 
coordination complex of Fe(ll) with NTA to inhibit 
degradation of the coordination complexes of iron 
with NTA. The temperature of the regeneration 55 
zone 37 is about 45 °C, and the pressure in the 
column is maintained at about 0.2 MPa. The regen- 
erated mixture, which still contains elemental sul- 



phur and spent excess air, is sent through line 39 
to degassing and thickening zone 40. Spent air is 
removed from zone '40 through line 41. From zone 
40, which corresponds to depressurization and de- 
gassing unit 5 (see Rgure 1), major and minor 
portions of the regenerated, solid sulphur-contain- 
ing mixture are separated, the major portion being 
sent through line 42 to the contacting zone 32. The 
minor portion, e.g M 5 percent by volume of the 
mixture in zone 40, and having an increased sul- 
phur content, is sent through line 43 to sulphur 
recovery unit 44 in the manner described in rela- 
tion to Rgure 1 . Mixture from sulphur recovery unit 
44 is returned to the system via line 45, and 
sulphur is removed from the sulphur recovery unit 
via line 46. 

In an alternative process for removing H£ from 
a sour gaseous stream, the aqueous reactant solu- 
tion described with reference to Rgure 2 further 
contains 0.3 mol/I of ammonium thiosulphate. The 
process is carried out under the same conditions 
as described with reference to Rgure 2. 

While the invention has been illustrated with 
particuiar apparatus, those skilled in the art will 
appreciate that, except where specified, other 
equivalent or analogous units may be employed. 
The term "zones", as employed In the specification 
and claims, includes, where suitable, the use of 
segmented equipment operated in series, or the 
division of one unit into multiple units because of 
size constraints, etc. For example, a contacting 
zone may comprise two separate countercurrent 
columns in which the solution from the lower por- 
tion of the first column would be introduced into the 
upper portion of the second column, the partially 
purified gaseous material produced from the upper 
portion of the first column being fed into the lower 
portion of the second column. Parallel operation of 
units, is, of course, well within the scope of the 
invention. Mixture or solution withdrawal or intro- 
duction may be made at any suitable site(s) or loci 
in the particular zone. The return of solution to one 
or more multiple contacting units in the contacting 
zone from a regenerator, or the use of a common 
regenerator, is within the scope of the invention. 

Again, as will be understood by those skilled in 
the art, the solutions or mixtures employed may 
contain other materials or additives for given pur- 
poses. For example, US Patent No. 3,933,993 dis- 
closes the use of buffering agents, such as phos- 
phate and carbonate buffers. Similarly, other ad- 
ditives, such as antifoaming and/or wetting agents, 
may be employed. 
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Claims 

1. Process for the removal of H,S from a sour 
gaseous stream comprising contacting the sour 
gaseous stream in a contacting zone at a tempera- 
ture below the melting point of sulphur with an 
aqueous reactant solution, which reactant solution 
contains an ammonium form of a coordination com- 
plex of Fe(lll) with nrtrilotriacetic acid, an ammo- 
nium form of a coordination complex of Fe(ll) with 
nrtrilotriacetic acid, and aqueous ammonia, and 
which reactant solution has a pH of between about 
5 and about 8.5, under conditions to convert H,S, 
and producing a gaseous stream having reduced 
H,S content and an aqueous mixture containing 
solid sulphur and additional ammonium form of the 
coordination complex of Fe<ll) with nrtrilotriacetic 
acid in solution, wherein the molar ratio of the 
ammonium form of the coordination complex of Fe- 
(Itl) with nrtrilotriacetic acid to the ammonium form 
of the coordination complex of Fe(H) with 
nrtrilotriacetic acid in the reactant solution is be* 
tween about 0.2 and about 6. 

2. Process according to claim 1 further com- 
prising regenerating the aqueous mixture by con- 
tacting the aqueous mixture with oxygen under 
conditions to convert the ammonium form of the 
coordination complex of Fe(ll) with nrtrilotriacetic 
acid to the ammonium form of the coordination 
complex of Fe(lll) with nrtrilotriacetic* acid, and pro- 
ducing a regenerated aqueous reactant solution 
having a molar ratio of the ammonium form of the 
coordination complex of Fe(lll) with nrtrilotriacetic 
acid to the ammonium form of the coordination 
complex of Fe<ll) with nrtrilotriacetic acid of be- 
tween about 0.5 and about 6. 

3. Process as claimed in claim 2, further com- 
prising passing the regenerated aqueous reactant 
solution to the contacting zone for use as aqueous 
reactant solution therein. 

4. Process as claimed in claim 2, further com- 
prising removing regenerated aqueous reactant so- 
lution from the regeneration zone, removing sul- 
phur from at least a portion of said mixture, and 
passing regenerated reactant solution to the con- 
tacting zone for use as aqueous reactant solution 
therein. 

5. Process as claimed in claim 1, further com- 
prising removing aqueous mixture from the con- 
tacting zone and removing sulphur from at least a 



portion of the mixture, regenerating aqueous mix- 
ture by contacting said aqueous mixture with oxy- 
gen under conditions to convert the ammonium 
form of the coordination complex of Fe(ll) with 

5 nitritotriacetic acid to the ammonium form of the 
coordination complex of Fe{lll) with nrtrilotriacetic 
acid, and producing regenerated aqueous reactant 
solution having a molar ratio of the ammonium 
form of the coordination complex of Fe(lll) with 

10 nrtrilotriacetic add to the ammonium form of the 
coordination complex of Fe(ll) with nrtrilotriacetic 
acid of between about 0.5 and about 6, and pass- 
ing regenerated aqueous reactant solution to the 
contacting zone for use as aqueous reactant soiu- 

75 tion therein. 

6. Process as claimed in any one of the claims 
1-5, wherein ammonium hydroxide is added to 
maintain pH in the contacting zone in a range of 
from 5 to 8.5. 

20 7. Process as claimed in any one of the claims 

1-6, wherein the total iron content of the reactant 
solution in the coordination complexes, is between 
about 0.5 percent and about 7 percent by weight 
based on the weight of the reactant solution and 

25 the iron. 

8. Process as claimed in any one of the claims 
1-7, wherein the aqueous reactant solution further 
contains 0.01 mol to 4 mol thiosulphate ion per mol 
of iron. 

30 9. Reactant solution suitable for covert ng H£ 

comprising an aqueous solution comprising an am- 
monium form of a coordination complex of Fe(lll) 
with nrtrilotriacetic acid, an ammonium form of a 
coordination complex of Fe(ll) with nrtrilotriacetic 

35 acid and aqueous ammonia, wherein the molar 
ratio of the ammonium form of the coordination 
complex of Fe<lll) with nrtrilotriacetic acid to the 
ammonium form of the coordination complex of Fe- 
<JI) with nrtrilotriacetic acid is between about 0.2 

40 and about 6, and wherein the pH of the solution is 
between about 5 and about 8.5. 

10. Reactant solution as claimed in claim 9, 
wherein total iron content of the reactant solution is 
between about 0.5 percent and about 7 percent by 

45 weight, based on the weight of the iron and the 
solution. 

1 1 . Reactant solution as claimed in claim 9 or 
10, wherein the reactant solution further contains 
0.01 mol to 4 mol thiosulphate ion per mol of iron. 

50 
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